In order to assess the nature and extent of yield gap in major pulses in India, published data from different official records were used for different time periods and comparison was made between states and India regarding yield difference of different pulses. Yield gap II was assessed with the help of data obtained from annual reports of Indian Institute of Pulses Research, Kanpur for major pulses crops. Both yield gap I and Yield gap II was examined in case of chickpea for the period of 2011-12 taking an aggregated yield data. The result revealed that most of the major pulses growing states were having lower yield of total pulses than national average while minor states showed higher yield during 2006-2012. With the positive growth in yield of individual pulses minor states were moving forward and showed potential increase in production of pulses. Yield gap II of major pulses in India showed an increase in the recent period over 2006-07. In case of chickpea frontline demonstration data for the period of 2011-12 revealed that yield gap II ranged from 7.63% in Karnataka to 24.37% in Madhya Pradesh among major chickpea producing states while this gap was 15.80% in Chattishgarh and 29.09% in Bihar among minor states. Yield gap for the same period was observed to be 28.46% in Madhya Pradesh, 28.75% in Karnataka and 28.56% in Maharashtra. These states contribute more than 50% of area share indicating tremendous untapped potential. Factors causing exploitable yield gap could be managed with effective implementation of government program along with participatory research and extension services ensured within the time frame.
INTRODUCTION
India is the largest producer, consumer and importer of pulses in the world. Despite of the diverse role of pulses in solving the problem of food and nutritional security, they are assumed as secondary crops not only in the developing world but also in India. With 3% of the world area, India accounts for 22% of the world production of the pulses. About 67% of the global Chickpea, 72% of Pigeonpea and 38% of Lentil area falls in India, corresponding to 66%, 63% and 21% of the global production, respectively. Despite of this fact, the yield of the Pulses in India is much less compared to the world. During 1990s the average difference in the yield of pulses between India and World was 214 kg/ha which in the recent decade (2000s) showed an average difference of 229 kg/ha (FAOSTAT, 2014) . Pulses in India are grown mostly in rainfed situation with less than ideal condition which may be the major cause for the lower yield. Among five major pulses, chickpea, pigeonpea and lentil are grown in around 60% of the total pulses area in India and contribute around 70% of the total pulses production during 2012 -13 (GoI, 2013 . Although the pulses sector in India shows increasing trend in area and production with the initiation of government incentives for the farmer through different programs (NFSM-Pulses, A3P), there is no much satisfactory improvement in the yield of the pulses crop as a whole as well as the individual pulse in India. Therefore, it always matters for the researcher and the policy makers that real potential of pulses are harvested at the farmers' field. In the real situation, however, a gap is observed between projection of the potential yield of certain crop variety during its evolution in the research field and obtained yield on organized farm demonstration and further with the harvested by the farmers themselves.
The yield gap is defined as the difference between the maximum-attainable yield and the farmlevel yield. There are number of empirical evidences regarding yield gap analysis of different food crops like Rice, Wheat, Maize etc. (Aggrawal, et al., 2008 and Elsamma, Job., 2006) and different oilseeds crops like Soybean, Rapeseed & Mustard, Groundnut etc. (Jha, et al., 2011; Hall, et al., 2013 and Bhatia, et al., 2006) . Yield gap analysis in the case of major pulses crops like chickpea, pigeonpea, lentil etc. are rare in the literature. However, some of the studies (Dwivedi, et al., 2013; Bhatia, et al., 2006 and Singh, et al., 2001) tried to quantify yield gap mostly of chickpea and pigeonpea in the aggregate level in India. Rapid technological change and cultivation practices used to bring variation in the yield between research station and farmers' field, quantification of which will be valuable to draw the attention of policy maker in order to evolve and implement the judicious plan and policies. Thus, this study attempts to assess the nature and extent of yield gap of major pulses in India. The study assumed the existence of gap in different individual pulses in India and major states due to the policy intervention of government of India in the pulses sector with the aim of curing mismatch between demand and supply conditions prevailing in the country.
MATERIALS AND METHODS
The present study uses potential yield, field demonstration yield and farmers' yield. The actual average yields of the farmers' field were sourced from Department of Economics and Statistics, Ministry of Agriculture and published reports. The potential yield and field demonstration yield were compiled from the Frontline Demonstration (FLD) data from published report of All India Coordinated Research Projects (AICRP) on different pulses conducted by Indian Council of Agricultural Research. The average yield of FLDs vis-à-vis farmers' field averaged for the year of 2009-2012 were compiled from the annual reports of Indian Institute of Pulses Research (IIPR), Kanpur, India. Yield obtained on research stations, demonstration plots and farmer's fields respectively were defined as the potential yield, farm yield and farmer's yield in the methodology developed by IRRI to estimate the magnitude of yield gaps. The yield gap comprises at least two components. The first component-yield gap I is the difference between research station yield and the field demonstration yield. The second component -yield gap II is the difference between the field demonstration yield and the actual average farmers' yield (Alam, 2006) . The nature and extent of the yield gap in pulses in the states and India was analyzed using the following Gap I and Gap II equation in the percentage form. 
× 100%
Gap II: Similarly, Yield gap II is the difference between the yield of variety in the demonstration field (Y df ) and at farmers' field (Y ff ), i.e.
Yield Gap II (YG II) = (Ydf -Yff) Yp
× 100 % This study made an attempt to assess the exploitable yield reservoir in case of different pulses using frontline demonstration data. But, the availability of the official record regarding frontline demonstration data for individual pulses crop in different states threw limitation for the analysis. Thus, with the recent data available for chickpea pertaining to the year of 2011-12, yield gap I and yield gap II were computed for major and minor states. Yield Gap II was computed for different pulses at the national level with the available data averaged for 2009-2012.
RESULTS AND DISCUSSION
Comparison of yield of total pulses in India and States Table 1 compared the average yield of total pulses during 2007-2012 and classified eleven major pulses producing states into two groups as yield (kg/ha) more than national average and less than national average. The result shows that average yield of the total pulses during 2007-2012 in most of the states was more than national average of 786 kg/ha while Rajasthan and Karnataka were the states with yield less than the national average. Although the share of Rajasthan and Karnataka in terms of area was more than the minor states like Jharkhand, West Bengal, Bihar and Haryana the average yield was recorded comparatively lower. The results have shown stagnant conditions of pulses crops in their respective major producing states and have revealed the potential of minor pulses producing states in pulses development, as yield of pulse crops in their minor producing states was higher than the national average. So the appropriate policies for minor pulses producing states will have long-term implications for pulses development and production sustainability. Table 2 shows the yield gap II also called as an extension gap of major pulses in India pertaining 2009 to 2012 periods. With the available information in various annual reports published by Indian Institute of Pulses Research (IIPR), Kanpur, yield gap II was assessed with prior mentioned technique. The yield gap was examined taking an average aggregated yield to remove the year to year variation. At the national level, yield gap II was recorded highest in Arhar (27.24%) during 2009-12 period followed by lentil (23.92%), fieldpea (21.88%) and gram (20.88%) ( Table 2 ). Among major pulses yield gap II was observed less in Kharif as well as Rabi Moong at the national level during the same period. By considering yield gap II in major pulses it was found that pulses productivity could be improved by 20.45% on an average at all India level. The productivity level can be improved mainly from 27.24% in Arhar, 23.92% in lentil and 20.88% in gram, the major pulses cultivated in India. Since, Arhar among Kharif and gram among Rabi pulses shares more in area and production of total pulses in India the increased yield gap in both the pulses crops should be well addressed with the technology transfer to the farmers. Thus, this calls for an effective transfer mechanism of improved pulses production technologies to growers so that yield reservoir could be harvested. 
Yield gap II of major pulses in India

Yield gap of chickpea (Gram) in the states and India
All the chickpea growing states in India show certain gap in yield between states and all India both during 2006-07 and 2012-13 periods (Table 3 ). The analysis of the yield difference of chickpea in the states and India shows that Andhra Pradesh during 2006-07 was having around 240 kg/ha more of aggregate average yields than the national average which declined to around 98 kg/ha during 2012-13 periods. In case of minor chickpea producing states like Bihar, Haryana, Chattishgarh and West Bengal, the aggregated average yield of chickpea showed increasing difference in the recent years. These states were having less than national average yield during 2006-07 periods. Major chickpea producing states like Madhya Pradesh, Uttar Pradesh and Andhra Pradesh showed positive yield difference in 2012-13 whereas Karnataka and Rajasthan showed average yield marginally less than national average and Gujarat, Maharashtra and Tamil Nadu were showing increasing difference in the average yield compared to national yield. Most of the states in the recent period have recorded positive or increasing difference in the yield of chickpea compared to national average. This increased yield in the state might be the result of government program of transferring technologies like high yielding varieties, demonstration for the integrated nutrient management along with insect and pest management techniques which are crucial for the improvement of yield of chickpea crop in most of the states. 
Yield gap of chickpea (Gram) in different states
Data of AICRP-chickpea during 2011-12 on frontline demonstration revealed that the yield gap II for chickpea was 20% at the national level. The gap ranged from 7.63% (Karnataka) to 24.73% (Madhya Pradesh) among major chickpea growing states while this gap was 15.8% (Chattisgarh) and 29.09% in Bihar among minor chickpea growing states (Table 4) . Yield gap I for the same period was observed to be 28.46% in Madhya Pradesh, 28.75% in Karnataka and 28.56% in Maharashtra. These states account for more than 50% of area under chickpea indicating tremendous untapped potential. Yield gap II also reveals that the chickpea productivity at the national level could be improved by tapping the gap existed in the major states. The productivity of chickpea could be improved from 24% in Madhya Pradesh, 21% in Uttar Pradesh and 15% in Maharashtra while minor states should be facilitated with concerted extension services to increase the adoption level of crop specific technologies among the chickpea growers. Front line demonstrations have successfully shown that through adoption of improved production technologies, yield of pulses in general and Moong and gram in particular can be increased by 46% and 31%, respectively (Gautam et al.,2007) . Yield gap I is non-exploitable which is mainly because of changes in environmental conditions. The rise in gap indicates the improvement over the technology frontiers. Yield gap II is manageable and can be bridged as it is mainly due to the difference in farmers' agronomical management practices (Lakshmanan, S. 2007 ). Thus, institutional and policy support to farmers is crucial for ensuring agricultural input supplies, farm credit in a holistic approach which could lead to sustainable improvement in chickpea production and productivity in particular and pulses in general. Rapid dissemination of technologies to the farmers' level is urgent and further the integrated nutrient management and plant protection provision inclusive in programs like National Food Security Mission-Pulses (NFSM-Pulses) and Pulses Production Program (A3P) should be ensured in time together with seed minikit along with extension and institutional support so that farmers could conduct field operations in time with package practices which most probably assist in improvement of overall chickpea productivity. All-India Coordinated Research Project on Chickpea (2011 -2012 
CONCLUSION
Comparison of the yield of the total pulses in states and all India shows that major pulses producing states like Rajasthan and Karnataka were having yield less than national average while most of the minor states were having more yield. Thus, this indicates the urgent focus on minor states for improvement in pulses production in the country. In case of chickpea, Madhya Pradesh, the major pulse producing state showed lower yield than national average. With the positive growth in yield of individual pulses minor states are moving forward and showed the potential of increasing production of pulses and such situation should be sustained with appropriate policy intervention. Data pertaining 2011-12 of frontline demonstration revealed that yield gap II ranged from 7.63% (Karnataka) to 24.37% (Madhya Pradesh) among the major chickpea growing states while this gap was 15.80% in Chattishgarh and 29.09% in Bihar among minor chickpea growing states. Madhya Pradesh with higher share in area and production of chickpea in the country showed around 24% of yield gap II. This shows that farmers are yet to harvest potential yield of the chickpea which could be possible with the adoption of modern and improved chickpea technologies. Yield gap I in the same period was observed 28.46% in Madhya Pradesh, 28.76% in Karnataka and 28.56% in Maharashtra. These states account for around 50% share in area and production of chickpea and such gap indicates plenty of untapped potential. This also revealed that breeder for the varietal development should be linked with the extension worker in order to know the ground reality of farmers so that the recommended potential yield could be harvested in the farmers' field. Effective and rapid dissemination of technologies and their knowledge to the farmer is urgent in order to achieve this objective and further the integrated nutrient management and plant protection provision as included in the National Food Security Mission-Pulses (NFSM-Pulses) and strengthened by Accelerated Pulses Production Program (A3P) should be ensured in time with extension and institutional support. 
